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Summary
Fifty one wild specimens collected in different areas 
in Bulgaria and nineteen native Bulgarian grapevine 
cultivars were genotyped with 7 nuclear and 5 chloro-
plast SSR markers. Based on the microsatellite allelic 
proﬁle six wild samples, collected from the Danube Riv-
erbank, were considered non vinifera genotypes. The 
genetic diversity for nuclear loci observed in the culti-
vated grapevines was comparable to that found in other 
cultivated collections. However, lower genetic diversity 
was observed in the set of wild samples. The dendro-
gram based on nuclear SSRs separated most of the cul-
tivated grapevines from the wild samples. Four chlo-
rotypes corresponding to previously determined chlo-
rotypes A, B, C and D, were identiﬁed in the analyzed 
samples that occurred with different frequencies in 
groups of wild and cultivated plants. The most frequent 
chlorotype among wild samples was A, while it was C in 
the cultivated samples. The differentiation of Bulgar-
ian grape chlorotypes in the context of differentiation 
of chlorotypes in Eurasian grape ﬂora is discussed.
K e y   w o r d s :  wild grapevines, native grapevines, 
microsatellite markers, chlorotypes, genetic diversity.
Introduction
The Eurasian grapevine (Vitis vinifera L.) is one of an-
cient crops tightly linked to the human history. The fruits 
of the plant have been harvested for thousands of years and 
currently grapevine is the most widely cultivated fruit crop 
in the word. It is believed that the modern Eurasian grape 
cultivars (V. vinifera ssp. sativa) originated from the do-
mestication of wild progenitors (V. vinifera ssp. silvestris) 
(LEVADOUX 1956). The place and period of primo-domes-
tication events still remain uncertain. There are two main 
hypotheses that differ according to geographic locations 
and number of domestication events. The ﬁrst hypothesis 
suggests the existence of a major domestication event oc-
curred in the Neolithic time from a limited wild stock in the 
Near East (OLMO 1976). According to different archeologi-
cal evidence, the roots of viticulture stretch back to about 
5000-6000 BC on the territory of the Caucasus Mountains 
where native Neolithic populations discovered winemak-
ing (MCGOVERN 2003, MCGOVERN et al. 1997). From this 
region the selected grapevines were spread to Egypt (ca. 
3,000 BC) and later on to the Italian and Iberian peninsu-
las (ca 800 BC) (MCGOVERN 2003). The second hypothesis 
proposes that domestication events occurred from multiple 
wild stocks and along the entire region of distribution of 
V. vinifera (MULLINS et al. 1992). This hypothesis is sup-
ported by recent studies indicating the contribution of local 
wild grapevines in the development of current grapevine 
cultivars in Western and Central Europe (ARROYO-GAR-
CIA et al. 2002, ARADHYA et al. 2003, 2006, GRASSI et al. 
2003).
Nuclear microsatellite markers have been extensively 
exploited for evaluation of genetic diversity and investiga-
tion of the genetic structure and relationships among grape-
vine cultivars in different collections, countries and popu-
lations (THOMAS et al. 1993, THOMAS and SCOTT 1993, SEFC 
et al. 1998, 2000, 2003, LEFORT and ROUBELAKIS-ANGELAKIS 
2001, MONCADA et al. 2006, ALMADANIM et al. 2007, STAIN-
ER et al. 2008). However, the high level of polymorphism 
revealed by nuclear microsatellite markers hampers the de-
termination of relationships between the DNA proﬁle and 
the geographical distribution of grapevines. Chloroplast 
microsatellites are more suitable for this purpose due to the 
low rate of mutations and recombination in the chloroplast 
genome (PROVAN et al. 1999, 2001) as well as because of 
their maternal inheritance in grapevine (ARROYO-GARCIA et 
al. 2002). The genotyping of grapevines with chloroplast 
SSR markers resulted in the identiﬁcation of a few chloro-
types allowing to trace the frequency and geographical dis-
tribution of the studied genotypes (ARROYO-GARCIA et al. 
2002, 2006, GRASSI et al. 2003, 2006, IMAZIO et al. 2005) 
In the 19th and 20th century wild grapes (Vitis vinifera 
ssp. sylvestris) became close to disappearing because of 
a number of diseases and anthropogenic factors. Nowa-
days, wild grapevines exist in small populations in diverse 
natural ecosystems throughout Europe, the Mediterranean 
region of Northern Africa, the Middle East, and Western 
Asia (OCETE et al. 2002). In addition to the sylvestris popu-
lations, the existence of populations formed by naturalized 
rootstocks that are reproduced sexually giving rise to hy-
brids with higher genetic diversity than Vitis vinifera ssp 
sylvestris, have been recently reported (ARRIGO and AR-
NOLD 2007). 
Bulgaria is located near Transcaucasia, at the cross-
roads between Asia and Europe, within the area where 
primitive cultivars were disseminated from east to west. 
Bulgarian populations of wild Vitis vinifera ssp. sylvestris 
 116 T. DZHAMBAZOVA et al.
rotypes and nuclear microsatellite genotypes are given in 
Tab. 1.
D N A  e x t r a c t i o n  a n d  m i c r o s a t e l l i t e  
a n a l y s i s :   Genomic DNAs were extracted from 
100 mg of frozen leaf tissue following the procedure de-
scribed by MURRAY and THOMPSON (1980). Twelve micro-
satellite markers corresponding to 7 nuclear and 5 chloro-
plast loci were used. The following nuclear microsatellite 
loci were chosen for genotyping of wild grapes: VVS2, 
(THOMAS and SCOTT, 1993), VVMD5, VVMD7, VVMD27 
(BOWERS et al. 1996, BOWERS and MEREDITH 1999), ssrVr-
ZAG21, ssrVrZAG62, ssrVrZAG79 (SEFC et al. 1999). 
The analyzed chloroplast loci were ccmpSSR3, cpSSR5, 
cpSSR10 (WEISING and GARDNER 1999), ccSSR5 and cc-
SSR9 (CHUNG et al. 2003). Ampliﬁcation was performed 
in a volume of 20 µl containing  PCR buffer (Fermentas), 
50 ng DNA, 1 µM of each primer, 100 µM of each dNTP 
and 1U Pfu DNA polymerase (Fermentas) in a GeneAmp® 
PCR System 2700 (Applied Biosystem). PCR ampliﬁca-
tion was performed with the following thermal cycles: 4 
min at 94 ºC; 10 cycles of denaturation (15 s at 94 ºC), an-
nealing (15 s at 52 ºC, 48 ºC for loci NTCP8 and cpSSR10) 
and extension (15 s at 72 ºC), followed by 23 cycles of de-
naturation (15 s at 89 ºC), annealing (15 s at 52 ºC), and ex-
tension (15 s at 72 ºC) with a ﬁnal step for 7 min at 72 ºC. 
PCR products were analysed on ALF Express II sequencer 
(GE Healthcare). Fragment lengths were estimated with 
the help of internal standards, produced by ampliﬁcation 
of pUC19 fragments with sizes 50, 100, 150, 200, 250, 300 
and 350 bp. The lengths of the alleles were automatically 
sized with software AlleleLocator 1.03 (GE Healthcare).
G e n e t i c  d i v e r s i t y  a n a l y s e s :  For the cal-
culation of allele frequencies, expected (He) and observed 
(Ho) heterozygosity, probability of identity (PI) and proba-
bility of null alleles, the software GENALEX (PEAKALL and 
SMOUSE 2006) was used. Genetic distances between grape-
vine genotypes were calculated as [-ln (proportion shared 
alleles)] using Microsat (MINCH et al. 1997). The obtained 
data was used for the construction of a dendrogram using 
the programs KITSCH from the PHYLIP package software 
(FELSENSTEIN 1989) and Treeview (PAGE 1996).
Results and Discussion
G e n e t i c  d i v e r s i t y  i n  w i l d  a n d  c u l t i -
v a t e d  g r a p e s  b a s e d  o n  n u c l e a r  p o l y m o r -
p h i s m s :  Nuclear microsatellite genotypes are presented 
in Tab. 1. The comparison of the obtained microsatellite 
proﬁles revealed the presence in all samples of the Dan-
ube population of VVMD5 (262bp, 264bp) and VVMD27 
(207bp, 211bp, 215bp, 219bp) alleles with sizes that were 
outside of the range determined for V. vinifera (BOWERS 
et al. 1996, BOWERS and MEREDITH 1999, THIS et al. 2004). 
Given the possibility that these samples could correspond 
to other Vitis species they were excluded from the group 
of putative Vitis vinifera ssp. silvestris accessions and re-
spectively from the analyses of their genetic diversity. The 
total number of alleles estimated for the remaining 45 wild 
samples was 66 for all 7 nuclear loci, with mean number of 
grapevines, and their genetic relationship with native Bul-
garian cultivars, have not yet been investigated and their 
analyses could help understanding the process of grape-
vine domestication. Within this context our study aimed to: 
1) evaluate the genetic diversity in native Bulgarian V. vin-
ifera (sylvestris and sativa) grapes as well as the presence 
of non V. vinifera wild grapevines in the country and 2) 
estimate the genetic relationships between native sylvestris 
and sativa grapes.
Material and Methods
P l a n t  m a t e r i a l :  47 specimens of Eurasian wild 
grape (putative Vitis vinifera ssp. sylvestris) were selected 
from six geographic regions on the territory of Bulgaria. 
The wild samples were collected in their natural habitats 
(river banks, forests) on the base of morphological char-
acteristic of their ﬂowers (female or male only) and leaves 
according to the phenotypic description of wild grapes in 
KATEROV et al. (1990). The studied wild specimens were 
grouped in ﬁve populations according to their locations: 
the Danube River (D), Strandzha Mountain (SM), the Rho-
pothamo River (RR), Tatul (T) and Semchinovo (Sem). 
The last two populations are respectively located in the 
Central and Northern part of Rhodopa Mountains. In ad-
dition, two plants were collected from Cherven castle (Ch) 
and four wild specimens were obtained from the ampelo-
graphic collection of the Institute of Viticulture and Enolo-
gy at Pleven. (Fig. 1). Nineteen native Bulgarian grape cul-
tivars (Vitis vinifera ssp. sativa) were also analyzed. Seven 
of them, maintained in the collection of AgroBioInstitute, 
Soﬁa, were considered as ancient cultivars (BABRIKOV et al. 
2000). They were previously characterized at 12 micros-
atellite loci (HVARLEVA et al. 2004, 2005). The remaining 
twelve grapevine accessions were obtained from the collec-
tion of the Institute of Viticulture and Enology, Pleven (Pl). 
They are rare cultivars collected in the last century from 
different vineyards in Bulgaria. Only for four of them there 
is available  information (NEDELCHEV 1951, NEDELCHEV and 
KONDAREV 1962, RADULOV and BABRIKOV 1986). The list 
of analyzed genotypes, their geographical locations, chlo-
Fig. 1: Location of wild Vitis populations in the physical map of 
Bulgaria. The circles indicate the location of the wild populations 
analyzed.
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T a b l e   1  
List of 70 analyzed wild and cultivated genotypes, their microsatellite proﬁles  at 7 nuclear loci, chlorotype determined at 
5 chloroplast loci and  geographical location of wild samples
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Strandzha Mountain (SM), Veleka River "Kachul" (VK), Veleka River "Sredok" (VS), Veleka River "Kovach" (VKO)
S 1 SM-VK A 222 230 258 258 187 193 132 140 190 190 193 193 242 248
S 2 SM-VK A 222 230 258 258 187 195 132 140 190 190 193 193 244 244
S 3 SM-VK A 230 230 256 256 181 189 142 154 190 194 193 193 240 250
S 4 SM-VK A 222 230 246 256 189 189 154 154 190 190 193 193 240 250
S 5 SM-VK A 230 230 236 246 189 189 140 154 182 190 193 195 240 250
S 6 SM-VS A 230 230 246 260 189 189 132 154 190 190 193 193 246 252
S 7 SM-VKO D 226 232 244 260 189 189 132 140 190 206 193 203 240 248
S 8 SM-VKO D 226 232 244 260 189 189 132 140 190 206 193 203 242 250
Samples from Rhopothamo River (RR), reserve "Water Lilies" (RWL), reserve "Arkutino" (RA)
RR1 RR-RA A 224 224 250 260 189 189 142 154 190 202 191 199 236 246
RR2 RR -RA A 234 238 258 258 189 189 140 154 190 194 191 193 248 248
RR3 RR -RA A 224 230 260 260 189 189 140 146 182 190 193 193 248 248
RR4 RR -RA A 226 230 236 260 183 189 132 154 190 190 193 195 244 244
RR5 RR -RWL A 234 238 258 258 189 189 140 154 190 194 191 193 246 250
RR6 RR -RWL A 224 238 246 260 189 189 140 140 190 190 193 193 246 250
RR7 RR -RWL A 224 224 236 260 189 189 132 142 190 190 187 191 246 258
RR8 RR -RWL A 226 234 260 260 189 189 140 142 190 190 193 193 246 250
RR9 RR -RWL A 226 234 260 260 189 189 140 140 190 190 193 193 246 246
RR10 RR -RA A 224 224 254 254 189 189 154 156 190 190 193 193 240 250
RR11 RR -RA D 230 230 256 260 189 189 132 146 190 194 193 195 242 258
RR12 RR -RA D 228 230 256 260 189 189 132 154 190 190 193 193 242 246
Samples from  Danube River (D), Oriahovo (Dr-O)
D 1 Dr-O B 264 264 240 248 197 215 132 144 204 214 189 189 254 254
D 2 Dr-O B 264 264 250 262 199 219 136 140 204 208 191 199 256 256
D 3 Dr-O B 264 264 236 248 197 207 124 140 204 210 189 189 254 254
D 4 Dr-O B 264 264 236 250 207 207 136 142 206 212 189 189 244 254
D 5 Dr-O B 262 262 240 250 199 207 142 142 212 212 191 199 254 258
D 6 Dr-O B 264 264 240 248 207 211 136 136 204 210 189 189 254 258
Samples from Cherven castle (Ch), Rousse region
Ch 1 Ch C 224 226 236 244 193 193 132 154 190 206 195 203 256 256
Ch 2 Ch A 226 226 252 260 181 189 132 146 190 190 195 203 250 254
Samples from northern Rhodopa Mountains,Semchinovo (SEM)
Sem 1 Sem C 226 230 244 254 189 189 140 142 188 188 193 199 254 258
Sem 2 Sem C 224 230 236 250 189 189 142 154 194 194 187 193 246 254
Sem 3 Sem C 224 230 254 260 181 189 132 140 190 206 193 195 254 254
Sem 4 Sem C 230 234 254 264 189 189 150 154 194 200 193 193 246 254
Sem 5 Sem C 224 230 254 258 189 189 150 150 190 202 193 195 246 246
Sem 6 Sem C 230 234 236 250 189 189 150 154 190 190 187 193 246 254
Samples from central Rhodopa Mountains,Tatul (T), Tatul, sanctuary of Orfeus (T-KOrf), Kardzhali region (T-K)
T 1 T-KOrf D 230 230 244 246 189 189 140 140 194 194 193 201 242 254
T 2 T-KOrf D 238 244 246 250 181 181 134 142 190 206 193 193 242 254
T 3 T-KOrf D 230 236 236 260 183 189 132 132 194 204 195 195 240 240
T 4 T-KOrf A 230 230 246 258 183 189 132 150 194 202 193 193 244 254
T 5 T-KOrf A 226 238 236 250 189 189 132 150 190 206 187 203 244 244
T 6 T-KOrf D 226 236 246 258 189 191 140 146 190 190 193 195 246 246
T 7 T-KOrf D 226 236 246 258 189 191 140 146 190 190 193 195 244 244
T 8 T-K D 224 238 236 260 179 189 142 146 190 206 187 195 240 250
T 9 T-K D 226 230 258 258 189 195 132 138 190 194 193 195 242 248
T 10 T-K A 224 232 236 236 183 189 132 142 190 194 187 193 240 250
T 11 T-K D 226 230 258 258 189 189 132 140 190 190 193 203 240 250
T 12 T-K A 226 230 254 264 181 189 132 150 190 190 195 195 250 258
T 13 T-K D 234 234 230 244 181 195 140 154 200 200 195 203 236 258
Samples from Pleven (Pl), gene bank of the "Institute of Viticulture and Biology"
Pl 1 Pl C 222 226 256 256 189 189 154 154 190 190 193 193 242 250
Pl 2 Pl B 224 232 236 248 189 189 154 154 190 206 177 193 244 248
Pl 3 Pl C 222 226 256 260 189 189 154 154 190 190 193 193 242 250
Pl 4 Pl C 230 230 256 260 195 195 154 154 190 190 193 193 242 242
Ancient Bulgarian cultivars
Bolgar A 224 230 236 246 185 185 132 134 190 214 185 187 242 250
Gamza D 224 224 244 252 185 185 132 134 206 206 187 203 248 248
Dimyat C 238 244 236 246 179 181 140 142 200 202 187 203 236 258
Mavrud C 230 238 236 246 179 181 132 144 206 206 187 193 236 242
Misket cherven C 234 244 236 246 179 179 134 142 202 206 187 193 250 258
Pamid C 224 244 236 236 183 189 134 142 200 206 187 187 242 250
Tamyanka D 226 234 230 246 179 195 132 132 206 206 185 195 250 254
Rare Bulgarian cultivars (accessions from Pleven-Pl)
Chaush C 226 226 244 244 179 183 134 134 206 206 187 203 248 248
Orlovi nokti beli C 234 244 236 244 181 181 142 148 202 206 187 195 250 258
Bodliv prast C 236 236 236 236 179 179 132 142 200 200 187 187 250 258
Lisicha opashka byala B 234 266 230 262 203 211 144 144 196 210 199 213 244 244
 Ribi mehur C 224 234 246 250 181 181 132 142 202 202 187 203 242 258
 Lisicha opashka chervena C 230 244 230 244 179 195 144 148 202 202 203 203 238 242
 Orlovi nokti cherni C 234 244 246 246 179 179 142 148 200 206 193 203 250 258
 Cherno izreslivo D 226 232 236 240 185 195 134 134 200 206 185 185 250 256
 Chaush rozov C 236 244 246 246 179 179 134 142 200 206 187 195 242 248
 Kadarka byala C 238 238 236 236 179 185 134 134 204 204 195 195 250 250
 Garvan C 226 232 246 246 179 185 142 142 200 206 193 203 236 250
 Mavrud varnenski C 226 232 246 246 179 185 132 144 200 206 193 203 236 250
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SSR analysis, was also shown by GRASSI et al. (2003). Two 
cultivars, 'Lisicha opashka chervena' and 'Kadarka byala' 
remained outside of the clusters of sativa  and sylvestris 
grapes. These two cultivars do not have alleles that are un-
usual for V. vinifera, like those shown in the allelic proﬁle 
of Danube samples and cultivar 'Lisicha opashka cherve-
na'. Their position outside the cluster of cultivated grapes 
remain unclear.
G e n e t i c  d i v e r s i t y  i n  w i l d  a n d  c u l t i -
v a t e d  g r a p e s  b a s e d  o n  c h l o r o p l a s t  p o l y -
m o r p h i s m :  To further analyze the genetic structure 
and differentiation of wild grapevines as well as the genetic 
relationship between wild and cultivated grapevines native 
to Bulgaria, we investigated the variation in the chloroplast 
genome among the studied accessions. The chlorotype of 
alleles per locus (Na) of 9, 43±1.62. (Tab. 2). These values 
were higher than those obtained for the 19 native cultivars 
investigated in this study, 55 alleles in total and an average 
of 7.86 ± 1.06 alleles per locus (Tab. 2). This difference 
can be due to the higher number of wild samples analyzed 
compared to the number of grapevine cultivars as evidence 
by the similar values of effective alleles (Ne) per locus. 
The estimated average value of genetic diversity (ex-
pected heterozygosity, He) for cultivated grapevine acces-
sions was 0.78 ± 0.05. The value of He for the individual 
microsatellite loci is similar to those obtained by SEFC et al. 
2000 for cultivars grown in different European regions. 
The resulting average value of He for wild grapes, 0.71 ± 
0.17, was lower than that observed in cultivated samples 
(Tab. 2). On the other hand the lower Ho values observed 
in both wild and cultivated samples suggest the existence of 
inbreeding in both types of samples. The cumulative value 
of probability of identity for cultivated samples (1.4 x 10-8) 
was lower than that obtained for wild grapevines (5.0 x 
10-8) in agreement with their higher He. 
To characterize the genetic structure of wild and culti-
vated Bulgarian grape germplasm, a dendrogram based on 
the proportion of shared alleles was constructed (Fig. 2). 
The analyzed grapevine samples, with the exception of 
cultivar Lisicha opashka byala, formed two main groups, 
one (I) consisting of cultivated grapes and wild samples, 
and the other (II)  containing only Danube wild samples. 
Both, the unusual allele sizes obtained in individuals 
from Danube population and their genetic distance from 
the other analyzed V. vinifera samples suggest that the sam-
ples of Danube population could belong to a different Vitis 
species. Their microsatellite proﬁles did not show identity 
with available microsatellite proﬁles of rootstocks, i.e. LIN 
and WALKER (1998), SEFC et al. (1998), DE ANDRES et al. 
2007, DJAMBAZOVA et al. 2007, GMC database: www.iasma.
it/areabioav/gmc.html. Thus we suggest that they could be 
interspecies hybrids. The cultivar 'Lisicha opashka byala, 
remained outside of both clusters. It also contained alleles 
that fall outside of the range of allele sizes, characteristic 
for V. vinifera at loci VVMD5 (266bp), VVMD27 (211 bp) 
and ssrVrZAG62(213bp), suggesting that this cultivar may 
have a interspeciﬁc hybrid origin. 
The V. vinifera genotypes formed two separate groups 
within cluster I, the ﬁrst one included almost all cultivars 
and two wild samples, T2 and T13, while the second group 
contained all remained wild grapes.  (Fig. 2). The events 
of outcrossing of wild accessions with cultivated ones 
could be a possible reason  for grouping of wild samples 
T2 and T13 with cultivated grapes. A clear separation be-
tween sylvestris and sativa Italian grapes, based on nuclear 
T a b l e   2
Genetic diversity in wild and cultivated accessions. Na = number of alleles; Ne = number of effective alleles; Ho = observed 
heterozygosity; He = expected heterozygosity; Pi = probability of idendity
Na 
cumulative
Na 
average
Ne
cumulative
Ne 
average
Ho 
average
He 
average
PI 
cumulative 
PI 
average
wild 66 9.43 ± 1.62 32 4.60 ± 2.49 0.62 ± 0.16 0.71 ± 0.17 5.0 x 10-8 0.13 ± 0.11
cultivated 55 7.86 ± 1.07 33 4.78 ± 1.39 0.68 ± 0.10 0.78 ± 0.05 1.4 x 10-8 0.08 ± 0.03
Fig. 2: Genetic relationships among 70 wild and cultivated ac-
cessions, based on data of seven nuclear microsatellite loci. The 
letters A, B, C and D in front of the name/abbreviation of each 
grape sample denotes the  chlorotype of the sample. 
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East. In the present study chlorotype B was detected at a 
low frequency of 2 % (one out of 46 samples) among the 
Bulgarian wild samples. 
Chlorotypes G, H, and E detected only in Near and 
Middle East regions were not found in the Bulgarian wild 
grapes. According to ARROYO-GARCIA et al. (2006) chloro-
types C and D were not observed in Western and Central 
European wild grapevine populations, while chlorotype A 
was absent in the Near East. The presence of chlorotype 
A, C, and D in Bulgarian wild grapes suggests that the ge-
netic diversity of Bulgarian wild populations occupies an 
intermediate place between the Near East region and Cen-
tral and Western Europe, in agreement with its geographic 
location.
 The same chlorotypes (A, B, C and D) were found in 
the set of 19 native Bulgarian cultivars, but with different 
frequencies than in the wild samples. The most abundant 
chlorotypes were C (74 %) and D (16 %), while A and B 
were bore only by one cultivar each (equivalent to 5 % 
each; Tab. 1). In fact, the cultivar carrying chlorotype B 
could be considered a hybrid cultivar given its location in 
the dendrogram and based on the presence of speciﬁc al-
leles at given nuclear loci. The lack of correlation between 
the frequency of different chlorotypes in native cultivated 
and wild grapes in Bulgaria suggest a reduced exchange 
of materials between the cultivated and the wild compart-
ments in this region likely as a result of a higher exchange 
of cultivated grapevine genotypes between different vine 
growing regions in Bulgaria and Eastern regions.
The chlorotype frequencies determined in the set of 
Bulgarian native cultivars were quite different from those 
obtained for other countries in the Balkan area. According 
to ARROYO-GARCIA et al. (2006) the prevalent chlorotype in 
a set of cultivars from the Balkan Peninsula (Greece, Bul-
garia, Albania and Croatia) is D, followed by chlorotype C. 
In ARROYO-GARCIA et al. (2002) studies chlorotype D was 
the predominant chlorotype (74 %) in a set of 39 Greek cul-
tivars, while chlorotype C found in 18 % of these cultivars. 
Furthermore, studying a set of cultivars from the Balkan 
region (Romania and Serbia), IMAZIO et al. (2006) observed 
the lack of chlorotype V (ccmp3-106 bp, ccmp10-116 bp) 
that corresponds to chlorotype C in the study of ARROYO-
GARCIA et al. (2002, 2006). The small number of Balkan 
grapevine samples considered in those studies can result in 
these differences of chlorotype frequencies. 
In conclusion, the characterization of the genetic di-
versity among wild and cultivated grapevines allowed the 
identiﬁcation of native Bulgarian cultivars and natural 
each specimen was determined based on the polymorphism 
at 5 chloroplast SSR loci, originally characterized for the 
chloroplast genome of tobacco (Nicotiana tabacum L) and 
more recently used for analysis of genetic relationship be-
tween wild and cultivated grape accessions (ARROYO-GAR-
CIA et al. 2002, 2006, IMAZIO et al. 2006). Polymorphisms 
at those ﬁve chloroplast microsatellite loci allowed the dif-
ferentiation of all described chlorotypes. cpSSR loci were 
ampliﬁed in the investigated set of wild and cultivated 
grapevines, which conﬁrms the observed earlier conserva-
tion of the chloroplast SSR loci sequences between the ge-
nus Nicotiana and Vitis (ARROYO-GARCIA et al. 2002). Al-
lele number per locus ranged from 2, for loci cpSSR3 (106, 
107), cpSSR5 (104, 105), ccSSR5 (254, 255), and ccSSR9 
(165, 166) to 3 for locus cpSSR10 (114, 115, 116). 
The obtained allele variants at the analyzed chloro-
plast loci were identical to those reported in previous stud-
ies (ARROYO-GARCIA et al. 2002, 2006). They combined in 
chlorotypes A, B, C, and D in the studied grape samples, 
according to ARROYO-GARCIA et al. (2002, 2006; Tab. 3).
Most samples from each particular population were 
found to share the same chlorotype (Tab. 1). Most of the 
wild plants from Strandja mountain (SM population, 6 out 
of 8) and Ropothamo riverbank (RR population,10 out of 
12) located in the south-east part of the country belonged 
to chlorotype A, while all representatives collected along 
the Danube river (D population) had chlorotype B. The 
two populations found in two locations in Rhodopa Moun-
tains had different chlorotypes. Chlorotype C was found in 
all samples collected in the northern part of the mountain 
(Semchinovo, Sem population), while chlorotype D was 
obtained in 9 out of 13 samples collected from central part 
(Tatul, T population). Interestingly, chlorotype B was also 
found in Vitis species used as rootstocks (ARROYO-GARCÍA 
et al. 2002) what supports the possibility that the Danube 
wild population derives from such an origin.
When Danube wild samples are excluded, the most 
frequent chlorotype in the Bulgarian wild grapevines was 
chlorotype A (47 %), followed by chlorotypes D (29 %), C 
(22 %) and B (2 %) (Tab. 3). These data were consistent 
with the results of ARROYO-GARCIA et al. (2006) regarding 
the coexistence of chlorotypes A, C, and D in the Balkan 
Peninsula. In the same study chlorotype B was suggested 
as being the ancestral one since it didn’t show a marked 
geographical distribution and was represented evenly and 
at a low frequency in the Eurasian region. This chlorotype 
was not previously found in wild grapes on the Balkan Pe-
ninsula as well as on the Italian Peninsula and the Middle 
T a b l e   3
Chlorotypes and allele sizes (bp) at 5 polymorphic chloroplast markers observed in this study and the frequency (%) 
of chlorotypes in wild and cultivated grapevine samples
Chlorotype cpSSR3 cpSSR5 cpSSR10 ccSSR5 ccSSR9
Frequency
sylvestris
Frequency
sativa
Frequency
total
A 106 105 114 255 166 47 5 34
B 106 105 115 255 165 2 5 3
C 106 105 116 255 165 22 74 38
D 107 104 115 254 165 29 16 25
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populations of wild grapevines as well as the evaluation of 
their genetic relationships. The results obtained on chloro-
types identiﬁcation and distribution among Bulgarian wild 
grapes demonstrate a complex structure of the sylvestris 
gene pool consisting of a number of small groups of plants 
possessing predominantly the same chlorotype, likely as 
a consequence of inbreeding. At the same time the sub-
group of sylvestris accessions formed after nuclear SSRs 
analysis do not  match their geographical location, with the 
exception of four samples from Sem population (Fig. 2). 
The possible reason for this could be the rare events of out 
crossing between wild and  cultivated grapes. Introduction 
of new genotypes in the population by the spread of seeds 
by birds and animals, could not be excluded as a factor 
that leads to  genetic diversity enrichment in wild popula-
tions. Further analyses including wild and native cultivated 
grapevines from different regions of the Balkan Peninsula 
are necessary to determine the pattern of distribution of 
chlorotypes in this region and to complete the picture of 
grapevine chlorotype distribution in Europe 
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